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ABSTRACT 

We report on the analysis of two XMM-Newton observations of the recently discovered soft gamma repeater 
Swift J 1834.9-0846, taken in September 2005 and one month after the source went into outburst on 2011 
August 7. We performed timing and spectral analyses on the point source as well as on the extended emission. 
We find that the source period is consistent with an extrapolation of the Chandra ephemeris reported earlier 
and the spectral properties remained constant. The source luminosity decreased to a level of 1.6 x 10 34 erg s _1 
following a decay trend of oc i~ - 5 . Our spatial analysis of the source environment revealed the presence of 
two extended emission regions around the source. The first (Region A) is a symmetric ring around the point 
source, starting at 25" and extending to ^50". We argue that Region A is a dust scattering halo. The second 
(Region B) has an asymmetrical shape extending between 50" and 150", and is detected both in the pre- and 
post-outburst data. We argue that this region is a possible magnetar wind nebula (MWN). The X-ray efficiency 
of the MWN with respect to the rotation energy loss is substantially higher than those of rotation powered 
pulsars: r/x = ^mwn, 0.5-8 kov/^rot ~ 0.7. The higher efficiency points to a different energy source for 
the MWN of Swift J1834. 9-0846, most likely bursting activity of the magnetar, powered by its high magnetic 
field, B = 1.4 x 10 14 G. 



1. INTRODUCTION 

Soft Gamma Repeaters (SGRs) and Anomalous X-ray Pul- 
sars (AXPs) are two empirical classes of objects widely ac- 
cepted to comprise the magnetar population, i.e., isolated neu- 
tron stars with ultra-strong magnetic fields (B > 10 14 — 
10 15 G). Their existence was predicted theor etically in 1992 
( Duncan & Thompson J 1 9 92 ; Paczynski 1992}, but was only 
confirmed in 199 8 with RXTE observations ( |Kouveliotou| 
et al.| 1998] 1 1999[ for detailed magnetar reviews please refer 
to [Woods & !Tiompson|[2006| |Mereghetti|[2008] i. SGRs and 
AXPs share many characteristics such as long spin periods (2- 
12 s) and large spin-down rates that imply very high surface 
dipole magnetic fields of 10 14 — 10 15 G. They are all persis- 
tent X-ray emitters with luminosities significantly larger than 
those expected from rotational energy losses; instead the mag- 
netar X-ray emission is attributed to the decay of their pow- 



erful magnetic fields and sub-surface heating (Thompson & 
Dunc arijl996| l. Magnetars enter active episodes during which 
they emit short (0. 1 s) bursts of hard X-/soft 7— rays with lu- 
minosities ranging from 10 37 to 10 41 erg s _1 ; very rarely, 
they emit Giant Flares (GFs) that last several minutes with lu- 
minosities > 10 46 erg s . The typical magnetar bursts are 
attributed to neutron star crust qua kes caused by the evolving 
magnetic field under its surface (Thompson & Duncan 1995 ). 

An interesting question in the magnetar field is their evolu- 
tionary link, if any, to their less magnetically-powerful coun- 
terparts, rotation powered pulsars (RPPs). The latter sources 
are known to produce particle outflows, often resulting in 



spectacular Pulsar Wind Nebulae (PWNe, see Kargaltsev & 
|Pavlov|[2008| for a review) of which the Crab is the most fa- 



mous example ( Weisskop f et al.|2000 1. The PWN X-ray emis 
sion is due to synchrotron radiation from the shocked rel 



synch: 

ativistic outflow of electrons and positrons produced by the 
pulsar. Magnetars are also expected to produce particle out- 
flows, either steady or rel eased during outbursts accompany 



ing bright burst s or GFs ( Thompson & Blaes [1998 Harding 
|et al |1999| [long et al.|20l2| i. The GF of 2004 December 27 
from SGRJ1806 - 20 released at least 4 x 10 43 ergs of en- 
ergy in the form of m agnetic fields and relativistic particles 
( |Gaensler et al.|2 005). Given the strong magnetic fields asso- 
ciated with this class of neutron stars, the idea, therefore, of a 
Magnetar Wind Nebula (MWN) seems very plausible. 

Only a few claims have been made so far for the detection 
of a nebula around a magnetar. The first one was th e radio 
nebula around SGR J 1806 - 20 ( |Kulkarni et al.|1994| l, which 
was shown later to be enshrouding a Luminous Blue Variable 
star, unrelated to the SGR ( |Hurley et al7||1999| l. Elongated 
and expanding radio emission was unambiguousl y identified 
following the GF of SGR J1806 - 20 ( [Gaensler et a"i~||2005 



Gelfand et al. 2005 ), most likely associated with jets pro 
duced by the flare. A variable radio source indicating particle 
outflow was also seen after th e giant flare of SG R 1900+14 
dFrail et al ||1999| l. Rece ntly, |Rea et al.| (|2009bT) |Safi-Harb| 
& Kumar| (|2008Tsee a lso |Gonzalez & Safi-Harb||2~003| l and 



Vink & Bamba (20091 reported the discovery of unusual ex 
tended emission around three high B— field sources, a Ro- 
tating Radio Transient, RRAT J1819-1458, a high-B pul- 
sar PSR Jl 119-6127, and a magnetar IE 1547.0 - 5408 
(SGR J1550 — 5418) respectively. The latter case was shown 
to be a halo on the basis of correlat ed flux variations in the 
extended emission and the magnetar ( Olausen et al.|20lT) . In 
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Figure 1. Post-outburst XMM-Newton EPIC-PN observation of 
Swift J1834.9-0846 in 2011 (obs. 2, upper and middle panels) and 
pre-outburst 2005 EPIC MOS1+MOS2 observation (obs. 1, bottom panel). 
The middle and bottom images are Gaussian smoothed with a FWHM of 
5.0 pixels (20"). The smallest green circle with a 25"-radius represents the 
Swift J1834. 9-0846 point-source emission. The annulus with 25"< r <50" 
represents the symmetrical extended emission around the point source 
(region A). The ellipse of major (minor) axis of 145" (95") encloses the 
asymmetrical extended emission around Swift J1834. 9-0846 (region B). 
Other sources in the field are labeled. North is up and west is right. 



summary, to date there is no unambiguous evidence for the 
existence of a PWN/MWN around a magnetar. Confirmed 
detections of MWNe would reconcile observations with theo- 
retical predictions of their existence and would shed light on 
the nature of magnetar outflows and the environmental prop- 
erties of magnetars. 

Swift J 1834.9-0846 is the last in a long line of mag- 
netar discoveries during the last three years, owing to the 
synergy between NASA's three observatories, Swift, RXTE, 
and Fermi. It was discovered on 2011 August 7, when 
it triggered the Swift/Burst Alert Telescope (BAT) and the 
Fermi/Gamma-ray Burst Monitor (GBM) with a soft, short 



burst ( jD'Elia et aLl[20TT] |Guiriec et aLl[20TT) . The mag- 
netar nature of Swift J 1834.9-0846 was established with 
RXTE/PCA and Chandra Target of Opportunity observations, 
which revealed a coherent X-ray pulsation at a spin period 
P = 2 .482295 s ( jGogiis. & Kouveliotou|[20lT| jGogus et al | 
201 lb|>, and a spin^down ra te v = -1.3(2) x 10~ 12 Hz s" 1 
(Kuiper & Hermsen 201 1) , implying a dipole surface mag- 
netic field B = 1.4 x 10 G, and a spin-down age and en- 



ergy loss rate r 
respectively. 



4.9 kyr and E TOt = 2.1 x 10 J4 erg s 



|Kargaltsev et al. (2012 K+12 hereinafter) studied the spa- 
tial, temporal, and spectral properties of Swift J 1834.9- 
0846 using the available Swift, RXTE, and Chandra post- 
outburst observations, and one Chandra pre-outburst obser- 
vation taken in June 2009. The persistent X-ray light curve 
of the source, spanning 48 days after the first burst, showed 
that the 2 — 10 keV flux decayed steadily as a power-law with 
index a = 0.53 ± 0.07 (F oc t~ a ). The source spectrum 
(2 — lOkeV) was well fit with either an absorbed power-law 
with a photon index V s» 3.5 ± 0.5 or an absorbed black- 
body with a temperature kT = 1.1 ± 0.1 keV, and an emitting 
area radius of 0.26 km (assuming a source distance of 4 kpc, 
see below). The hydrogen column density was of the order 
of 10 23 cm" 2 , depending on the model spectrum. Finally, 
K+12 reported the presence of an extended emission up to 
a radius of 10" from the center of the source, most likely a 
dust scattering halo, considering the large absorption toward 
the source position. However, an even more extended emis- 
sion, with radius >30", was detected in the 2009 pre-outburst 
Chandra observation. The asymmetrical shape of this emis- 
sion, northeast-southwest of the source, poses a challenge to 
the dust scattering halo interpretation, especially since this ex- 
tended component was detected while the point source was 
not seen down to a limit of 10~ 15 erg cm~ 2 s _1 . 

Here we report the analysis of two XMM-Newton ob- 
servations of Swift J 1834.9-0846, taken in September 2005 
and September 2011 (one month after the source outburst), 
with emphasis on the analysis of the environment around the 
source. Section 2 describes the observations and data reduc- 
tion techniques. We present our results of the spatial, timing 
and spectral analysis in Section 3. We discuss the spectral and 
temporal results of Swift J1834. 9-0846 and the implication 
of our extended emission analysis in the context of Magnetar 
Wind Nebula (MWN) in Section 4. Given a plausible associ- 
ation between Swift J 1834.90846 and the SNR W 41, we will 
assume that both are at the same distance (~ 4 kpc, |Tian et al.| 
[2007l[Le5iy & Tian|200"8} K+12) throughout the paper. 

2. XMM-Newton OBSERVATIONS AND DATA REDUCTION 

The field of the newly discovered magnetar, Swift J 1834.9- 
0846, was observed twice with XMM-Newton. The first 
observation (obs.ID 0302560301, obs. 1 hereafter, PI Gerd 
Puehlhofer), taken in 2005 September for an exposure time of 
about 20 ks, was intended to image the HESS J 1834-087 field 
in which Swift J 1834.9-0846 lies. During this observation, 
Swift J 1834.9-0846 was ~ 2' off-axis from the nominal on- 
axis position, which is small enough not to cause substantial 
vignetting. The EPIC-PN and MOS detectors were operating 
in Prime Full Frame mode using the medium filter. Data from 
all t hree EPIC in struments were an alyzed in the p ast (EPIC- 
PN, |TOnet^]2007} EPIC-MOS ^Mukherjee et al.|2009) . We 
re-analyzed this observation to look for an extended emission 
at the position of Swift J1834.9-0846. 

The second XMM-Newton observation (obs.ID 
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Figure 2. Radial profile of the X-ray emission (1.5-8 keV) of Swift Jl 834.9-0846 using the XMM-Newton data from the post-outburst Obs. 2 (PN, left panel) 
and the pre-outburst Obs. 1 (MOS 1+2, right panel). The black solid line represents the best-fit PSF for each camera. Extended emission is clearly seen beyond 
~20" and ~15" in obs. 2 and obs. 1, respectively. 
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Figure 3. Left column. Projected total counts of a pixel column in the Y-direction (north-south, left panel) and X-direction (east-west, right panel) in a rectangular 
region around Swift J1834. 9-0846. The dotted lines delimit a 25" circular region around the SGR. The dashed lines represent the extent of the asymmetrical 
extended emission. 



0679380201, obs. 2 hereafter) was a TOO (PI Norbert 
Schartel) taken on 2011 September 17 for an exposure of 
about 24 ks, with Swift J1834.9-0846 being at the aimpoint 
of the three EPIC detectors. The EPIC-PN detector was 
operating in Prime Full Frame mode using the medium filter. 
The EPIC-MOS detectors, on the other hand, were operating 
in Small Window mode. 

The two observations were reduced and analyzed in a ho- 
mogeneous manner using the Science Analysis System (SAS) 
version 11.0.0 and FTOOLS version 6.11.1. Data were se- 
lected using event patterns 0-4 and 0-12 for PN and MOS, 
respectively, during only good X-ray events ("FLAG==0")- 
We excluded intervals of enhanced particle background dur- 
ing Obs. 1, resulting in an effective exposure time of ~ 14 ks 
in the MOS cameras. Response matrices were generated us- 
ing the task rmfgen. These responses were spatially averaged 
using a PSF model for point-like sources and a flat uniform 
flux distribution for extended sources. 

Background events for point-like sources were extracted 
from a source-free region with the same size as the source on 
the same CCD. We followed the same procedure for the back- 
ground extraction of extended sources since they only cove r a 



small region in the sky with a size of 2-3' (see Section 3. 1 



For point-like sources the background spectrum was di- 
rectly subtracted from the source spectrum. Such a method 
corrects for both the instrumental and the cosmic X-ray back- 
ground simultaneously. Sin ce our extended sources are not 
very large (see Section |3.1| > one can expect that same method 
would work reasonably well for their spectra. However, to en- 



sure that the background contribution is accurately accounted 
for, we also tried a more rigorous background-estimate pro- 
cedure, where we first modeled the background spectrum and 
then included the background contribution as an additional 
model component while fitting the source spectrum. 

We used the Extended Science Analysis Software (ESAS) 
packageQfor the purpose of background modeling. First, the 
instrumental background is extracted from the CCDs where 
our extended emission lies, using the filter-wheel closed data, 
i.e., derived from observations where the filter wheel is in 
the closed position. We correct both the background and 
the source spectra for the instrumental background. Then, 
we fit the resulting background spectrum with a combination 
of two thermal components and an absorbed power-law. We 
froze the temperature of one of the thermal components to 
0.1 keV assuming emission from the local hot bubble. The 
temperature of the second thermal model, which represents 
the emission from t he interstellar/intergalactic medium, was 
left free to vary ( |Snowden et al.| [2004 2008 ). The absorp- 
tion in the power-law was frozen to the Galactic value towards 
Swift J1834.9-0846, A H = 1.63 x 10 22 cm" 2 , and the pho- 
ton index of the power-law was frozen to 1.5 assuming unre- 
solved AGN contribution (e.g., distant quasars and/or nearby 
low luminosity AGN , |Porquet et al.|2004|[Sazonov et al.|2008| 
|Younes et al.|201 1) . We also added a Gaussian emission line 
with a centroid energy of 1 .5 keV to model the instrumental 
EPIC-PN Al Ka line. The model fit to the background spec- 

1 http://xmm.esac.esa.int/sas/current/doc/esas/index.html 
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trum was good, with xt = 1-3 for 42 d.o.f. The temperature 
of the thermal component is kT « 1.0 keV, a reasonable value 
for the intergalactic medium X-ray emission. Finally, we fit 
the extended emission spectra with an absorbed power-law, 
including the background best-fit model. 

The best fit parameters to our extended sources spectra us- 
ing the two background-estimation methods, i.e., directly or 
through modeling, were in very good agreement within the 
error bars at the 1 sigma level (Table 1). Hence, in the fol- 
lowing the background for extended sources was estimated 
directly, as usually done for point-like sources. 

3. RESULTS 
3.1. Spatial analysis 

The X-ray images (1.5 - 8 keV) of Swift J1834.9-0846 
are shown in Figure [T] for obs. 1 (MOS 1+2 cameras, lower 
panel) and obs. 2 (PN camera, upper and middle panels^ 
The middle and lower panels are smoothed with a Gaussian 
of FWHM~ 20" to accentuate the extended emission. 

We extracted the radial profile from a set of circular annuli 
centered at the position of Swift J 1834.9-0846 using the MOS 
1+2 and PN cameras for obs. 1 and obs. 2, respectively (Fig- 
ure EJ. These radial profiles were then fit by re-normalizing 
a XMM-Newton PSF template (to have similar number of 
counts at the core) and adding a constant background (dot- 
dashed line). This PSF template, given as an XMM-Newton 
calibrati on file (XRT 3 _XPSF_001 3 .CCF), is the best fit King 
function (King 1966 ) to the radial profile of many bright point 
sources observed with the EPIC cameras. The rms values of 
the PSF fit to our radial profiles are 0.10 and 0.35 for obs. 1 
and obs. 2, respectively, indicating that a PSF alone is not 
sufficient to explain the observed source radial profiles, and 
that an excess emission is present. Indeed, extended emission 
is clearly visible in both observations, starting at around 15" 
and 25" for obs. 1 and obs. 2, respectively. The extent of this 
emission is larger and more obvious in obs. 2, stretching out 
to r >150". The emission in obs. 1 is detected up to r w70". 

It is clear from Figure [T] (middle panel) that the extended 
emission around Swift J 1834.9-0846 becomes asymmetrical 
in shape at r «50". We quantified the asymmetrical shape 
of this extended emission in obs. 2 (which has better statistics 
than obs. 1), by collapsing the counts in the X (east-west) and 
Y (south-north) directions, in a rectangular region of 222 x 91 
pixels around the SGR, excluding any point sources in the 
field. Since our source lies very close to the PN CCD gap, 
we used an exposure-map corrected image for this analysis 
to correct for these CCD gaps, which also corrects for bad 
pixels. The background level, shown as a black solid line 
in Figure [3] is the mean value of the total counts in two re- 
gions taken at rectangular areas away from the source in both 
directions. The profile is centered at the SGR central pixel, 
with the dotted lines representing the 25" point-like source 
emission, i.e., the SGR, and the dashed lines showing the ex- 
tent of the extended emission. It is clear from both panels of 
Figure [3] that the extended emission is asymmetrical. In the 
X-direction, the emission extends up to ^165" to the right of 
the source, but only ^90" to the left. In the Y-direction the 
emission extends up to 125" below the source center and only 
up to ^45" above it. 

2 During obs. 1 Swift J 1834.9-0846 lies on a CCD gap in the PN camera 
and these data were not used; obs. 2 used MOS cameras in Small Window 
mode. 



Finally, we detect in Obs. 1 a weak excess emission consis- 
tent with a point source at the position of Swift J 1834.9-0846. 
Since the emission around Swift J 1834.9-0846 shows an ex- 
cess over the PSF fit starting at 18"(see Figurep}, we estimate 
the count rate in a 18"-radius circle centeredon the source. 
We find a rate of 0.0028 ± 0.0006 counts s _1 , which repre- 
sents a detection at the 4.6er level. We also detect asymmetri- 
cal emission west-southwest of the SGR, consistent with the 
shape and direction of the post-outburst asymmetrical emis- 
sion discussed above. 

We summarize our spatial analysis results in Figure [T| 
In the post-outburst observation (upper and middle panels), 
the smallest green circle with a 25" radius represents the 
Swift J 1834.9-0846 point source emission (taking into ac- 
count the PSF). The green annulus with inner and outer radii 
of 25" and 50", respectively (region A hereinafter), represents 
the symmetrical e xten ded emission, most likely a dust scat- 
tering halo (see § 3.3 1, similar to the one seen in the Chan- 
dra post-outburst observation (K+12). Beyond r ~ 50" from 
the center of Swift J 1834.9-0846, the asymmetrical extended 
emission is mostly seen towards the west-southwest of the 
SGR (middle panel); we approximate this region with an el- 
lipse of major (minor) axis of 145" (95"), respectively (re- 
gion B hereinafter). Similar asymmetrical emission is seen in 
the pre-outburst XMM-Newton observation with some hints 
of weak excess emission at the position of the SGR (lower 
panel). A similar extended emission has been reported for the 
Chandra pre-outburst observations, when the source was in 
quiescence (K+12). The asymmetrical shape argues against 
a dust scattering halo origin, and its small size with the lack 
of any radio counterpart makes a SNR explanation question- 
able. A third option is, therefore, a wind nebula powered by 
the magnetar. We will discuss these possibilities in §|4] 

3.2. Timing analysis 

For our timing analysis, which was only performed for 
obs. 2, we first converted the arrival times of all 2900 events 
within the 25" source photon extraction region to the arrival 
times at the Solar sys tem barycenter. We then employed a Z\ 
test ( Buccheri et al.|1 983 ) to search for pulsed signal from the 
source. We detect the pulsed signal very clearly (with a Z\ 
peak of about 750) at a frequency of 0.4028466(5) Hz. Note 
that the measured pulse frequency of Swift J 1834.9-0846 is 
consistent within uncertainties with the spin ephemeris re- 
ported by K+12. 

We then investigated the energy and time dependence of 
the pulse profiles. Figure H] shows the background subtracted 
pulse profiles in the 2 — 5,5 — 10 and 2 — 10 keV, respectively, 
from top to bottom panels. We find that the pulse fraction 
shows a hint of energy dependence: it is (57±13)% in the 
2 - 5 keV band and (70±17)% in 5 - 10 keV. The pulsed 
fraction in the 2 — 10 keV band is (60±15)%. This value is 
marginally lower than the value of 85 ± 10% obtained from 
the Chandra observation (K+12), indicating a decline in pulse 
fraction in over about one month. We also searched for pulse 
profile evolution in time by splitting the effective duration of 
the XMM-Newton pointing into three parts and generating 
the pulse profile in each segment in the 2 — 10 keV range. We 
find no significant variation of pulse shape throughout the ob- 
servation as well as between the XMM-Newton and Chandra 
observations. 

3.3. Spectral analysis 
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Figure 4. Pulse profiles of the persistent X-ray emission of Swift J 1 834.9- 
0846, accumulated between 2 — 5,5 — 10 and 2—10 keV from top to bottom. 




Energy (keV) 

Figure 5. Upper panel. Data and power-law fit to the Swift J1834. 9-0846 
post-outburst XMM-Newton data. Lower panel. Data and blackbody fit to 
the Swift J 1834.9-0846 post-outburst XMM-Newton data. In both panels, 
black dots, blue diamonds, and red stars represent PN, MOS1, and MOS2 
data, respectively. Residuals are shown in terms of sigma. 



3.3.1. Post-outburst observation 

Based on our radial profile analysis of obs. 2, we extracted 
the spectra of Swift J 1834.9-0846 in a circular region with a 
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Figure 6. Upper panel. Data and power-law fit to region B during the post- 
outburst XMM-Newton observation. Lower panel. Data and power-law fit 
to region A during the post-outburst XMM-Newton observation. Black dots, 
blue diamonds, and red stars represent PN, MOS1, and MOS2 data, respec- 
tively. Residuals are shown in terms of sigma. 
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Figure 7. Data and PL fit to the second time-segment (see text) of the post- 
outburst XMM-Newton observation of Swift J1834. 9-0846. Residuals are 
shown in terms of sigma. The arrows indicate potential emission and absorp- 
tion features at ~3.7 and 4.2 keV, respectively. 



radius of 25" from the PN camera and with a radius of 20" 
from the MOS1/MOS2 cameras (extended emission started at 
20" from the center of the SGR in the MOS cameras), collect- 
ing 2900 and 1020 counts, respectively. Background events 
were extracted from source-free circles with the same radii as 
for the source and on the same CCD, resulting in 56 and 32, 
PN and MOS1/MOS2 background counts respectively. The 
spectra were then grouped to have a minimum of 25 counts 
per bin. Finally, we made sure that the point source spectrum 
was not affected by pile-up using the XMM-Newton S AS task 
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epatplot. Table [JJ includes the results of our spectral analysis 
of the point source and both extended regions (see below). 

We fit the point source (Swift J 1834.9-0846) spectrum with 
an absorbed power-law (PL) and with an absorbed blackbody 
(BB) model. The latter gave a better fit, with a reduced \ 2 
of 1.04 for 232 d.o.f., corresponding to an improvement of 26 
in x 2 f° r the same number of d.o.f. From the BB fit we esti- 
mate the emitting area radius to be R = (0.24 ± 0.02)^4 km, 
where d± = d/4 kpc, consistent with the value derived from 
the Chandra data taken ~1 month earlier. TableJJJgives the 
PL and BB best-fit parameters, and the absorbednuxes and 
luminosities. Figure 15] upper (lower) panel shows the best-fit 
PL (BB) model and the residuals in terms of sigma. In each 
panel of Figure |5jthe upper (black dots) fits are the EPIC-PN 
data and the two lower fits (blue diamonds and red stars) are 
the MOS1 and MOS2 data. We note here that the fluxes and 
luminosities of Swift J 1834.9-0846, are half the values de- 
rived from the Chandra data almost a month earlier (K+12). 
Finally, we note that a more complex, two-component model, 
typically used to fit magnetar X-ray spectra, is not required by 
the data. 

We then binned the spectra of the point source to the PN 
spectral resolution and searched for potential line-like fea- 
tures in the time-integrated and the time-resolved spectra. The 
time-integrated spectrum revealed two possible lines (absorp- 
tion and emission) between 3 — 5 keV. To investigate the lines, 
we first added a Gaussian emission profile with a best-fit en- 
ergy of 3.7 keV, which reduced x 2 by 8, for 3 d.o.f. The ad- 
dition of an absorption line with a best-fit energy of 4.2 keV 
resulted in an equal improvement. Adding both lines together 
does not improve the spectral fit further. We then performed 
Monte Carlo Simulations (MCS) to rigorously assess the sig- 
nificance of these spectral features. We took the best-fit ab- 
sorbed PL model as our null hypothesis. We simulated 1000 
spectra based on this model with the XSPEC fakeit command, 
and fitted each spectrum with the null hypothesis model. We 
then added an absorption line to the model (gabs in XSPEC) 
and re-fit the spectrum. For each simulated spectrum, we 
recorded the A\ 2 between the null hypothesis PL model and 
the PL + absorption feature model, and compared the val- 
ues to the real A^ 2 - This procedure resulted in an absorp- 
tion line significance at only the 90% confidence level. In- 
cluding an emission line at 3.7 keV, instead of an absorption 
line, gave the same level of significance. We note that this 
significance level is insensitive to the null hypothesis model 
since an absorbed BB gave similar results (95% confidence 
level). We conclude that the lines are not significant in the 
time-integrated spectrum of Swift J 1834.9-0846. 

Next, we performed both time-resolved and phase-resolved 
spectroscopy to investigate whether there are specific intervals 
(phases) where the lines are more prevalent. For the former 
case, we split the ^24 ks observation into four equal segments 
and fit each of the four spectra with an absorbed PL model. 
We find that the source spectrum is constant throughout the 
observation. Only in segment two (6.75 — 13.50 ks) we see 
evidence for the presence of an emission line at 3.8 keV (Fig- 
ure fl\ first arrow). A MCS showed that the line is significant 
at the 98.5% confidence level. A MCS of an absorbed BB 
spectrum with the same emission line resulted in a ^99% con- 
fidence level. The significance is too low to claim a firm line 
detection; more sensitive observations during a new source 
burst active episode could provide better statistics. 

To perform phase-resolved spectroscopy, we rebinned by 
a factor of two the profiles of Figure [4] starting at phase=0, 



which resulted in a total of 8 bins. We then fit each spectrum 
with an absorbed PL (with Nn fixed to the best-fit value, see 
Table [TJ. We find no variations across the spectra within un- 
certainties. 

The high hydrogen column density that we derive for the 
source suggests that there should be an acc ompanying dust 
scattering halo emission ( |Predehl & Schmitt 1995] >. Such 
emission must be symmetrical except for a very unusual dust 
distribution. Hence, we extracted a spectrum from an annu- 
lar region 25" < r < 50" (region A), from PN, MOS 1 and 
MOS 2. The source contribution to the extended emission 
is supposed to be minimal, including at most 20% from the 
outer wings of the EPIC-PN PSI^] Region A, on the other 
hand, could contain some contribution fr om t he more ex- 
tended asymmetrical emission (see Section 3.1). Hence, we 



modeled the region A spectrum, first, as a separate compo- 
nent, and second taking into account the possible contribu- 
tion from region B (see below). We find that the spectrum of 
Region A is well fit with an absorbed PL in both cases (Fig- 
urepl, with similar _Vh and photon indices. These parameters 
are also consistent with those of the SGR within the uncer- 
tainties. These results are presented in Table [TJand discussed 

in§0 

We then extracted the PN spectrum of the asymmetrically 
extended emission (hereafter region B) using an ellipse with a 
semi-major/minor axis of 145" and 95", respectively, which 
encloses the elliptical region shown in Figure 3. We excluded 
the Swift J 1834.9-0846 and region A extraction areas. The 
0.5 — 10 keV spectrum is adequately fit with an absorbed PL 
(Figure [6]) with a hydrogen column density _Vh and photon 
index V consistent within uncertainties with those of the point 
source and region A spectra. Fixing JVh to the best fit value 



better constrains T = 3.4 



+0.2. 
-0.3' 



this value is smaller than the 



point source index at the 3cx level. All fit parameters and ab- 
sorbed fluxes and luminosities are given in Table 1. 

3.3.2. Pre-outburst observation 

The 2005 XMM-Newton observation of the field of 
Swift J 1834.9-0846 shows a weak point-like source at the po- 
sition of Swift J1834.9-0846. We collected 45 counts from 
the 18"-radius circle around Swift J 1834.9-0846 as shown in 
the lower panel of Figure [T] not enough for a proper spec- 
tral analysis. We, therefore, assumed the same spectral pa- 
rameters as in the post-outburst observation, to derive the 
2 — 10 keV absorbed flux and luminosity listed in Table 1. 
A photon index T = 3.0, assuming th e source X-ray spec - 
trum hardens with declining flux (e.g., G6gii§ et al. 2010a), 
would only decrease the luminosity by a factor of 1 .5. 

Next, we collected ^100 counts from region A and binned 
the spectrum at 15 counts/bin. We then fit it with an absorbed 
PL and found that the absorbing column and T are consistent, 
within uncertainties, with the post-outburst values for this re- 
gion (see also Table 1). 

We also extracted the 0.5 — 10 keV spectrum of region B 
using the same elliptical region as above (Figure [Til, exclud- 
ing a 50"-radius circle around the Swift J1834. 9-4)846 posi- 
tion. This resulted in a total of ~ 90 counts. Because of the 
low statistics we grouped the spectrum to have 40 counts per 
bin, achieving a S/N ratio of ~ 2 (this low S/N is due to the 
large background of MOS1/MOS2 compared to the extended 
emission photon flux). We fit the spectrum with an absorbed 

3 http://xmm.esac.esa.int/external/xmm_user_support/documentation/uhb_2. 1/ 
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Table 1 

Spectral model parameters, fluxes and luminosities of Swift J1834. 9-0846 and its surrounding medium. 



Source 


Model 


N H 

(10 22 cm" 2 ) 


r 


kT 
(keV) 


N" or R b 


x 2 /d.o.f. 


F 2 

(io- 


-10keV absorbed 
12 erg cm -2 s _1 ) 


^2-10 keV 

(10 34 erg s" 1 ) 


Swift J 1 834.9-0846 (post-outburst) 
Swift J 1834.9-0846 (post-outburst) 
Swift J1834.9-0846 (pre-outburst) d 


PL 
BB 
PL 


24 ± 1 
12.9 ±0.6 

24(fixed) 


4.2 ±0.1 

4.2{fixed) 


0.96 ± 0.02 


5 67+ - 02 

D - D '-o.oi 
0.24 ± 0.02 


1.15/232 
1.04/232 




, ok+0.02 
± - iJ — 0.03 
1 iq+0.03 

0.04 


1 6+ - 2 
0.16 ±0.01 
0.07 


Region A (post-outburst) 
Region A (post-outburst) 6 
Region A (pre-outburst) 


PL 
PL 
PL 


3i±i° 

10+8 

±o 6 


4 -°-0.6 
c n+1.0 
°- u -0.9 

1 7+ 1 ' 4 




1.48 ±0.02 

, 9n +0.02 

°- zu -o.oi 

005+ ' 007 
U.UUO_ 003 


0.9/57 
0.9/57 
1.3/8 




0.19 ±0.02 
0.16 ±0.02 

12+ 006 


n ,+0.5 
U.J_ 2 

4+0.5 

04+ ' 02 


Region B (post-outburst) 
Region B (post-outburst) ' 
Region B (pre-outburst) 


PL 
PL 
PL 


15 ±5 
17 ±4 

W(fixed) 


3 4+1.0 

n + 0.7 
J -^-0.6 

3.5 ±0.6 




0.3 ±0.1 
0.2 ±0.1 

2+ ' 2 


1.0/23 
0.9/46 
1.7/19 




0.35 ±0.06 
0.35 ±0.04 

1 5+ - 06 


91 + 015 

u - zl -0.06 

21 + 010 
10+ ' 04 



Notes. W PL normalization in units of 10~ 2 photons cm~ 2 s _1 keV -1 at 1 keV. 
W BB radius, in units of km. 

( c ) 2—10 keV power-law luminosity or bolometric BB luminosity hrR^ crT' 1 ), assuming a source distance of 4 kpc jTian et aT 



3.1 



( d ) Fluxes and luminosities converted from the count rate in Section 

( e ) Spectral results including the possible contribution from region B (see Section|33l 
W Spectral parameters derived using a modeled background as described in Section|2 



2007 



using PI MMS , assuming the corresponding spectral parameters. 



PL. We also fixed the column density to the best-fit value, 
iV H = 1.6 x 10 23 cm -2 , and found T = 3.5 ± 0.6, consistent 
with the post-outburst extended emission value. The absorbed 
flux and luminosity of Region B are roughly a factor of two 
lower than their post-outburst values. These results are also 
discussed in Sectional 

4. DISCUSSION 

4.1. Swift Jl 834.9-0846 

The effects of bursting activity on the magnetar persis- 
tent X-ray flux have been discussed by several authors. The 
increase of the source intensity during bursting episodes is 
also often accompanied by spectral variability (e.g. |Va- 



with sharp spectral changes. Unfortunately, with the currently 
available data we cannot distinguish between the two scenar- 



sisht et al |[2000} |Gotthelf et aLl[2004} |Gogiis et al.p OlOb ). 



It would then be reasonable to assume that the detection of 
Swift J 1834.9-0846 in the 2005 XMM-Newton observation 
at i<2_iokcV ~ 10~ 13 erg cm~ 2 s _1 , could be due to a burst- 
ing episode that had occurred prior and close to that observa- 
tion (if such an episode comprised only one burst similar to 
the 2011 episode, it could have easily been missed by Swift, 
which was the only all sky monitor in the 25 — 350 keV range 
at the time). Indeed, assuming a (constant) flux decay trend 
between 2005 and 2009 similar to the one exhibited by the 
source after its 2011 outburst (a — —0.5, Figure[9]) results in 
an expected flux level in 2009, consistent with the estimated 
upper limit of 10~ 15 erg cm -2 s _1 (K+12). 

However, there maybe other sources of neutron star sur- 
face heating that might not result in SGR bursts, such as was 
the case of the transient magnetar SGR J1810 — 197 (Ibrahim 
et al.|20 04 ). The source was serendipitously discovered with 
RXTE as a transient during observations of a nearby magnetar 
(SGR J1806 — 20); the increase of its X-ray flux was not asso- 
ciated with any bursting activity during that period. This be- 
havior could be explained within the framework o f the twisted 
magnetosphere model of Thompson et al. d2002) as follows. 
Variations of the twist angle of the magnetic field lines would 
lead to a sudden release of energy accompanied by possible 
changes in the cyclotron resonant scattering depth in the mag- 
netosphere and heating of the neutron star surface. Heating 
by such a B— field reconfiguration should also be associated 




-12.5 
10' 



10 10 
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Figure 8. The post-outburst persistent X-ray light curve of Swift J 1 834.9- 
0846 based on 48 days of Swift/XKT data (dashed-line, K+12); day 1 cor- 
responds to the Swift trigger. The dots represent the Chandra and XMM- 
Newton post-outburst point source fluxes (2 — lOkeV), respectively, while 
the diamonds represent the fluxes of Region A during the same observations. 
The dashed line represents the Swift/XKT decay slope of —0.5; the solid and 
dot-dashed lines are decay trends of the point source and Region A with the 
same slope. 



Magnetar X-ray spectra are usually fit by a two component 
model, e.g., two BBs with temperatures kT\ ~ 0.3 keV and 
kT 2 - 0.8 keV, or a BB and a PL with kT ~ 0.5 keV 
and T ~ 3.0 - 4.0 (e.g., |Mereghetti et al.||2005] |Halpern| 
| & Gotthelf||2005tlTiengo et al.|2008|jBemardini et al.||2009[ 
201 1( |Rea et al.|[2009a| |Gogiis et al.||2011a| |Woods et al'| 
2W71 [Kouvelio touet al |2003| |2001) . The 2005 pre-outburst 
spectral properties of the source could not be inferred due 



to very low statistics. The post-outburst X-ray spectrum of 
Swift J 1834.9-0846 seems unusual at first glance, as it is well 
fit by a single, heavily absorbed (Njj ~ 10 23 cm -2 ) compo- 
nent, either a blackbody with kT = 1.1 ke V or a power-law 
with T = 4.2 (see also K+12). It could be that we see here 
the effects of the environment within which Swift J 1834.9- 
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0846 reside s; e.g., dense giant molecular clouds (GMCs, Tian 
et al.|20 07 ), which, in principle, could absorb the soft part of 



the spectrum, eliminatin g the requiremen t of a soft spectral 
component (see also Esposit o" et al.|20lT) . 

The single BB spectral model for Swift J1834.9-0846 gives 
a small decrease in the BB temperature (AkT — 0.14 ± 
0.06 keV), and a consistent BB emitting area radius (AR = 
0.02 ± 0.05) between the Chandra and XMM-Newton post- 
outburst observations separate d by a month, simila r to the be- 
havior of XTE J1810 - 197 (Woods et al.1|2005) . The BB 
fluxes between the two observations are consistent with the 
same power-law decay a m —0.5, estimated using the PL fits. 
K+12 discussed the possibility of a hot spot emitting thermal 
radiation at the surface of the neutron star, noting that in such 
a scenario it would be difficult to explain the high pulsed frac- 
tion due to light bending in the neutron star gravitational field, 
unless the radiation is anisotropic, having a narrow peak along 
the magnetic field direction ( |Pavlov et al.|1994) . 

4.2. A Halo around Swift J 1834.9-0846: Region A 

The spectrum and flux of the symmetrical extended emis- 
sion (region A) fits well a dust scattering halo interpretation. 
First, the heavy absorption (iVn ~ 10 23 cm~ 2 ) towards the 
source, inferred from the X-ray spectral fits, should cause 
the scattering of the point source X-ray emission, resulting 
in a dust scattering halo. Since the scattering cross section of 
the dust particles is proportional to E~ 2 , a halo is expected 
to have a softer spectrum than the illuminating source, i.e., 
Swift J 1834.9-0846. Indeed, in Obs. 2, the spectrum of re- 
gion A is marginally softer than the Swift J1834. 9-0846 spec- 
trum (although consistent within the uncertainties, see Section 
3.3 and Table 1). Second, a dust scattering halo is expected 
to vary in flux p roportionally to the illuminating source flux 
(Mathis & Lee 1 991} , with a time lag depending on the dis- 
tance of the scattering material from the source (Mauche & 
|Gorenstein|1986[|Qlausen et al.|20lT| l. This trend is evident 
from Figure 181 which shows the flux evolution of region A 
and Swift J 1834.9-0846, between the post-outburst Chandra 
(K+12) and XMM-Newton observations (diamonds). Finally, 
we estimate the fractional intensity of the halo during Obs. 2 

tO be if rac = F halo / (-Fhalo + ^source) = 0.20+ ; 10 . 

During Obs. 1 the spectrum of region A was harder, T = 
1.7t.i\, w i m a fractional intensity if rac = 0.36^q' 2 , some- 
what higher than, but consistent within the error bars with the 
7 frac calculated for Obs. 2. However, the Swift J 1834.9-0846 
spectrum during obs. 1 is unknown due to the poor statistics. 
The harder spectrum during obs. 1 could then be explained 
if there were another component contributing to the flux in 
region A. Indeed, the flux of region B (the putative MWN, 
see Section 4.3) dominates the emission from the vicinity of 
Swift J1834.9-0846 during Obs. 1 (Table 1), which could ex- 
plain both the hard spectrum and the slightly higher Jf rac seen 
during this observation. Another explanation could be that the 
Swift J1834. 9-0846 spectrum during Obs. 1 is much harder 
than it is during obs. 2, which would make the region A spec- 
tral shape consistent with a solely dust scattering halo expla- 
nation. 

4.3. Asymmetrical Extended emission (Region B): a MWN? 

Rotation Powered Pulsars (RPP) with magnetic fields B ~ 
^gii-13 q an( j p er i oc is p < 1 s are believed to lose their rota- 
tional energy in the form of a relativistic magnetized particle 
wind. Pulsar wind nebulae (PWNe) are often observed around 
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Figure 9. Long term light curves of the fluxes (2-10 keV) of Swift J 1 834.! 
0846 (black dots) and Region B (red stars). 



these pulsars and are believed to b e the synchrotron rad iation 
of the shocked wind (see [Kaspi et al.|20 06 1 Gaensler & Slane 
|2006| jKargaltsev & Pavlov 2008 i for reviews). The efficiency 
at which the rotational energy loss of a pulsar, E rot , is radiated 
by the PWN is characterized by rjx — Lx : pwn / E TOt , which 
ranges from 10~ 6 to 10~ 2 . Magnetars, on the other hand, 



have longer spin periods and lower E Iot values, making the 
production of a steady and bright rotat ionally -powered neb- 
ula unlikely. Nonetheless, Thompson & Blaes](fT998| showed 
that particle outflows, either steady or released in short peri- 
ods of time due to the flares, co uld be driven by Alfven waves 
(see also Har ding et al.||1999) . Furthermore, a jetted bary- 
onic outflow was observe d in the radio wavelengths after the 
GF of SGR J 1806 - 20 ( jGaensler et aLl|2005) |Fender et al.] 
|2006| l. These processes could lead to the emergence of nebu- 
lae around magnetars. 

There has not been yet a ubiquitous detection of a magnetar 
wind nebula (MWN) in X-rays, but "magnetically powered" 
nebulae around puls ars with relatively high magnetic fields 
have been suggested. |Rea et al . (2009b) reported that the neb- 
ula around the rotating radio transient RRATJ1819 — 1458 
has a nominal X-ray efficiency r]x ~ 0.2, too high to be rota- 
tionally powered. The authors suggested that the occurrence 
of the nebula might be connected with the high magnetic field 
(B = 5 x 10 13 G) of the pulsar. 

The nebula around Swift J 1834.9-0846 shares some char- 
acteristics with the nebula around RRATJ1819 - 1458. The 
X-ray efficiency of the Swift J 1834.9-0846 nebula is very 
high, i]x ~ 0.7, for a 0.5 — 8keV luminosity of 1.5 x 
10 34 erg s~"^ Considering the source's relatively low ro- 
tational energy loss (E Iot = 2.1 x 10 34 erg s" 1 ) , it is 
in the low-F rot /high-ix,PWN region in Figure 
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simi- 
lar to RRAT J1819 - 1458. Moreover, the nebuliTaround 
Swift J 1834.9-0846 shows small flux variability (owing to 
large uncertainties) between the three different epochs (Fig- 
ure [9j. Its flux slightly decreased, although within uncer- 
tainties, when the source went to quiescence in 2009 (Fx < 
10~ 15 erg s _1 ), then increased by a factor of 7 (at the ~2 
sigma level) after the September 201 1 outburst, in line with a 
variable wind nebula scenario. 

An obvious difference between the MWN around 
Swift J 1834.9-0846 and the "usual" PWNe is the very soft 
spectrum of the former, V = 3.5 ± 0.6, compared to T ~ 1 — 2 

4 We have chosen the 0.5-8 keV energy range to enable comparison with 
the efficiency of RRAT J1819 - 1458 and other pulsars, FigurefTo| 
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Log Edot (erg s" 1 ) 

Figure 10. Luminosity of normal PWNe as a function of the rotational en- 
ergy loss of their corresponding pulsar s. Data presented as black dots are 
taken from Kargaltsev & Pavlov 1 2008 1, whereas the blue star represents the 
high B source RRA! J 1819 - 1458 Ikea et al.|2009b) . The dashed line rep- 
resents the ?7x = 0.2 of RRATJ1819 — 1458, and the solid line represents 
the r? x = 0.7 of Swift J1834.9-0846. The three red dots represent the lu- 
minosity of the candidate MW N around Swift J l 834.9-0846 at the detected 
epochs. [Figure adapted from Rea et al. 1 2009b l]. 



of PWNe of RPPs. It is worth pointing out that the neb- 
ula around RRAT J1819 — 1458 also shows a soft spectrum, 
T = 3.0 ± 0.5, which suggests that the two nebulae are in 
some respects similar, in particular, the electrons are acceler- 
ated by similar mechanisms (we note, however, that the neb- 
ula around RRAT J1819 - 1458 is about 10 times smaller 
in size than the nebula around Swift J 1834.9-0846, for sim- 
ilar distances). For the most plausible assumption that we 
are observing synchrotron radiation of relativistic electrons, 
this large index implies a very steep electron spectrum, with a 
slope p = 2T — 1 pa 6. What could produce such an electron 
population? A different mechanism (other than the typically 
invoked Fermi mechanism) of electron acceleration, such as, 
e.g., magnetic field line reconnection might be at work. We 
can only conjecture that the twisted magnetic field model by 



Thompson et al. ( 2002} could lead to reconnection, facilitat- 
ing the production of the required electron population distri- 
bution. 

We can estimate the termination shock radius R s de- 
pending on our assumptions about the energy flux provided 
by the magnetar. In quiescence, the balance of pressures 
E TOt j (Att j cR 2 s ) = p, where Anf is the solid angle in which 
the wind (including the Poynting flux) is blowing (/ = 1 
for an isotropic wind), and p is the ambient pressure (this 
equation assumes that the magnetar's speed is essentially sub- 
sonic). For the E Iot = 2.1 x 10 34 erg s _1 , this equation gives 
16 f-i/2p 1/2 cm ^ wnere p_ 

3 



R s = 2.4 x 10 lb / 
in units of 10 -10 



lar size of Ql!Af- l J 2 pJi' n 'dr A 



-io is the pressure 
erg cm - ". This corresponds to the angu- 

1/2 i 

?_io d A . Such a small size cannot be 
resolved by XMM-Newton, and it is hidden within the dust 
scattering halo (Region A), assuming reasonable values for 
the ambient pressure. The size of an X-r ay PWN is typically a 
factor of a few times larger than R s (e.g., Kargaltsev & Pavlov 
2008), which is still much smaller than the observed size of 
~ 150". Therefore, not only the unrealistically high "effi- 
ciency" i]x ~ 0.7, but also the large size support the hypoth- 
esis that the observed asymmetrical nebula (Region B) could 
not be produced by the magnetar in quiescence via rotation- 
powered wind. 

When a magnetar is in an active state, the pressure of its 
wind (ejected particles and magnetic fields) is much higher 



than that in quiescence. In this state, the energy loss rate, 
-^burst* can be much higher than .E^ot- It can be crudely 
estimated as a ratio of the magnetar's X-ray luminosity in 
the bursting state, Lx = 10 34 Lx,34 erg s -1 , to some 
reasonable magnetar X-ray efficiency tjx = 10~ 4 1 



Vx, 



burst 



= 10 38 L 



X,34Vx -4 er 8 S ~ 



Using Eburst instead 

V2 „-l/2 f -l/2 -1/2 



of E Iot , we obtain R s = 1.6 x lO 18 !,^ r]x!-tf "'~P-w 
cm, which corresponds to the angular shock radius of ^25" 



7-1/2 -1/2,- 
lj X,34,'lX,-4,J 



l/2p-}l 2 
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d 4 , and a factor of a few larger size 
of the X-ray nebula, comparable with the observed nebula ra- 
dius of ~ 150". This allows one to assume that the detected 
nebula was created in a burst (or a series of bursts), which is 
in line with our first assumption in Section 4.1, that likely the 
magnetar experienced a bursting episode before obs. 1, which 
was not directly detected. 

We can in principle connect the nebula size (and even the 
softness of the spectrum) with synchrotron cooling. First of 
all, it is worth noting that the magnetic field at the shock (if 
there is a shock) does not depend on the neutron star sur- 
face magnetic field - it is determined by the balance of the 
wind pressure and the ambient pressure and depends on the 
latter and the magnetization parameter a (i.e., the ratio of 
the electromagnetic energy flux to the kinetic energy flux): 

B s ~ [8?rop/(l + <j)] 1/2 ~ 50[p_io<t/(1 + <j)] 1/2 A*G, up- 
stream of the shock, and it can be a factor of 3 higher imme- 



diately downstream of the shock (Kennel & Coroniti 1984). 
This, in particular, means that the softness of the nebula spec- 
trum is not due to a higher magnetic field in the nebula. The 
magnetization parameter a is, unfortunately, quite uncertain 
for the putative magnetar winds. It is believed to be -C 1 
for PWNe (e.g., ~ 10~ 3 for the Crab), but it may be higher 
in magnetars. Therefore, the actual value of the magnetic 
field in the shocked magnetar flow remains uncertain; it might 
be as low as a few /iG (for small a and low-pressure ambi- 
ent medium) or as high as a few mG (for large a and high- 
pressure medium). Therefore, we will simply scale the field 
as B = 10~ 4 .B_4 G. 

The synchrotron cooling time for an electron with Lorentz 
factor 7 can be estimated as r syn 



8R-3/2 



= 5 x lO^-^-^s ~ 
s, where for synchrotron 



5 x 10 8 7^ 1 Bl|s~ 5 x 10 8 B 
emission in the X-ray band we used j 2 B-4 ~ {E/5 keV). 

The shocked wind flows from the magnetar with mildly rel- 
ativistic velocities (e.g., c/3 for an isotropic outflow - see 
Kennel & Coroniti|[l984[ ). Multiplying r syn by the flow ve- 



locity, we obtain a distance from the magnetar where the X- 
ray synchrotron radiation still can be observed: i?MWN ~ 
5 x 10 18 B_^ 2 cm, which corresponds to an angular distance 

of ~ 84" B_^ 2 , quite close to the observed size for B ~ 60 
/iG. Thus, the observed size can be explained by the syn- 
chrotron cooling of the outflowing electrons in a reasonable 
magnetic field. 

The cooling time also determines the lifetime of the puta- 
tive MWN after the end of the magnetar activity period. For 
instance, for B ~ 60 /iG, r syn ~ 30 years, which means 
that the MWN can be observable in X-rays around quiescent 
(even undetectable) magnetars if these were in an active state 
years ago; it would also explain the detection of the MWN in 
Obs. 1. 

Finally, we would like to discuss some other possibili- 
ties for the origin of the extended X-ray emission around 
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Swift J 1834.9-0846. The source lies in the center of a 
crowded field filled with many other high energy sources. 
It lies almost at t he center of the exten ded TeV source 
HESS J 1834-087 ( |Aharonian eHiiJ|2006l), and with in the 
SNR W41 (K+12) and a dense GMC QTian et al.|20Q7) . The 
high absorbing column density toward Swift J1834. 9-0846 
is most likely related to the GMC, which in turn is causing 
the scattering halo emission. An anisotropic dust distribution 
within the GMC could cause an asymmetrical halo emission, 
leading to region A and region B emanating from the same re- 
gion and having the same physical origin. To test this hypoth- 
esis we extracted the spectrum of region A+region B during 
obs. 2 and fit it with an absorbed power-law. We find a hydro- 
gen column density Nn = V7~t a x 10 22 cm -2 , consistent with 
the point source absorbing column, and a power-law photon 
index T = 3.4 ± 0.5, harder than the point source spectrum, 
indicating that a halo interpretation for region A+region B is 
unlikely. Hence, the nature of these two regions is indeed dif- 
fere nt as indicated by their different spectral properties (Sec- 
tion [33]). Moreover, the detection of region B during obs. 1, 
when the source was in quiescence, poses a challenge to such 
an interpretation. Another possibility for the region B emis- 
sion could be some contribution from the SNR W41, in the 
form of either thermal emission from shocked gas or non- 
thermal synchrotron emission (see |Vink|2012| for a review). 
However, the fluxes of both region A and region B varied with 
the source flux, implying a tight connection between the two 
and the SGR. Deeper high-resolution multiwavelength obser- 
vations would be of great value to better understand the phys- 
ical properties and emission processes of the Swift J 1834.9- 
0846 putative MWN, and would help shed light on the con- 
nections between the many point-like and extended sources 
existing in this crowded field. 
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